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(57) ABSTRACT

A process for the production of a gaseous fuel from a waste
material and/or a premium fuel, which process comprises: 1)
providing a processing chamber having therein a plurality of
outwardly radiating inclined vanes at a base thereof, an mlet
and an outlet; 1) introducing a waste material and/or a
premium fuel into the chamber through the inlet; 1i1) gen-
erating an upward flow of a heating fluid through the vanes
at the base of the chamber, whereby the waste material
and/or the premium fuel circulate about an axis of the
chamber 1n a compact turbulent band and 1s gasified and/or
pyrolysed to produce a gaseous fuel stream, which gaseous
fuel stream exits the chamber through the outlet; and iv)
feeding at least a portion of the gaseous fuel stream back into
the chamber through an entry point adjacent the vanes.

24 Claims, 6 Drawing Sheets

e
=]l <
P i\\
.f""f




U.S. Patent Apr. 26, 2005 Sheet 1 of 6 US 6,883,442 B1

b N
TN

v O, yAAEHER-AA X3 LATIE
. ‘.*'-.‘ ‘l&'-‘ I"..h' - -
- - ‘1 -‘

‘ -
iiiiiiiii
LR

-i‘-.-'-l

A6 7

ST

r=at U nN i

TS

N




US 6,383,442 Bl

Sheet 2 of 6

Apr. 26, 2005

U.S. Patent

FIG. 1a

72
FIG. 2



US 6,383,442 Bl

/77y

DAL TS
o
= /7L A TA
ol
7 WP TLS Iul'L
. |
m NO/S.C 5o, - e
B OV -
S SR/ T TTALE -
P
Ml NOLLO P TS GV 70 -9 .

(721707 2/) SMNOU/GVAI SHE

AN

U.S. Patent

74

-2

73 4

L7



U.S. Patent Apr. 26, 2005 Sheet 4 of 6 US 6,883,442 B1

AL Lpz)

SINOLLE STHGE ML T/PLE G5 Ao

EONF /G LI 77DN
SALLLD SEL
TS
A b
TAVYD S75sE ML 7//74E IS 2755
CONKL/ G 8770V
~FELLEL
G S S
S/ dGE
ANV LE LY LE
-C -

/‘-F oEL
T G5

9 7/

2. A

CONBLS 770N
STIGE




U.S. Patent Apr. 26, 2005 Sheet 5 of 6 US 6,883,442 B1

A )

TRNUE STIGE AL IUE GAS U SS L F TN
(FETEHRTNG 78 CCAEHEAR AND GIS AL IVE)

AELED

G ST ER

IACE L)L E

G5

~
EC)ELE “ Lt

GIS
CALIR
CONIBLLS T7ON
SrAGE
o Ot M Qe
BEOYE
&
64 L
T TAS

CLIEhTNG
T7AGE

~ -



UISI Paten
t Apr. 26, 2005 Sheet 6 of 6 US 6,883,442 B1
. .

ez
TS
' SIAAL /NG
CEDLLING
'AV"" LONVE
ISLELLY SoELEDLAR ‘ -

POCOLL
LA 70K

SNOT
NITLeHs G5 e
e N\
(1 CECYELED
SFDRED LRIFT BLOWER GIS
GLLONER
/7&" é" D7 LA
GFS —
A/
GE SAML NG
. Y
NN v

SECRLEW FELDERY . . -

7ORBED
REAC/OL

CYECLONE

o ) YENTLRl
1 OX/O/S/ING (
bl STEANM

LECILLED G455



US 6,833,442 Bl

1

PROCESS FOR THE PRODUCTION OF A
GASEOUS FUEL

The present 1nvention relates to a process for the treat-
ment of waste materials and/or premium fuels for the
purpose of producing a gaseous fuel.

A number of different processes are known for the
recovery of heat values from waste materials. For example,
domestic and factory waste materials such as clean wood,
agricultural waste, refuse-derived fuel, municipal solid
waste and sewage sludge may be treated using a bubbling,
fluidised bed, a circulating fluidised bed, a fast fluidised bed,
a pressurised fluidised bed, a moving bed or a moving grate.
The main disadvantages of these processes are capital costs,
flexibility and tar production. Flexibility 1s a particularly
important issue for plants handling waste materials, since
the feed material 1s waste, as opposed to a premium fuel, and
there will therefore be relatively large fluctuations 1n both its
physical and chemical composition. To accommodate the
nature of many waste materials, the processing unit will also
need a high turndown ratio and the ability to come on/oft
stream at relatively short notice. In addition it may be
necessary to run the facility on more than one waste stream
to make investment in such a system economic.

Additionally, tar production 1s a major problem for many
existing gasification units. If the organic materials present 1n
the waste are not cracked to simple molecules during the
treatment process, they exist with the product gas stream and
cause major downstream problems. These problems arise
when the process gas temperature or that of the wetted
surfaces falls below the dew point of the compounds
concerned, causing them to condense out on surfaces form-
ing liquids which then cause problems ranging from equip-
ment fouling to occupational health issues. In addition,
liquad tars are ditficult to dispose of and can even cause a
more serious disposal problem than that posed by the
original waste material.

Most conventional process systems include a unit known
as a tar cracker whose function 1s to augment the action of
the gasifier and break down the large organic molecules nto
smaller ones which have higher dew points. Despite the
additional capital costs and complexity associated with
supplementary tar crackers, the occurrence and hence the
problems associated with tar are not fully eliminated
because the conventional processes are generally based on a
single gas pass, hence the degree of tar cracking that can be
achieved economically 1s limited.

Recycling gases leaving the processor to produce crack-
ing of the contained tars within the process reactor itself
have not been feasible owing to the high pressure drop
across the conventional process reactors. To alleviate this
problem would necessitate the use of expensive supplemen-
tal pumping systems which themselves would be liable to
fouling from condensed tars.

In our European Patent No. 0 068 853 1s described and
claimed a process whereby a particulate material to be
treated 1s embedded and centrifugally retained within a
compact, but turbulent, toroidal bed of further particles
which circulate about an axis of the processing chamber.
Specifically, the resident or host particles within the bed are
circulated above a plurality of outwardly radiating, inclined
vanes arranged around the base of the processing chamber.
The vanes are preferably arranged 1n overlapping relation-
ship and the particles are caused to circulate around the bed
by the action of a processing fluid, for example a gas 1njected
into the processing chamber from beneath and through the
vanes.
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The present mnmvention aims to address at least some of the
problems associated with the prior art processes for the
treatment of waste materials, and to furthermore provide a
process which can also be used to treat premium fuels such
as coal and petrochemical derivatives, plastics and residues
from refineries.

Accordingly, 1n a first aspect the present invention pro-
vides a process for the production of a gaseous fuel from a
waste material and/or a premium fuel, which process com-
PIiSeEs:

(1) providing a processing chamber having therein a plurality
of outwardly radiating inclined vanes at a base thereof, an
inlet and an outlet;

(i1) introducing a waste material and/or a premium fuel into
the chamber through the inlet;

(i11) generating an upward flow of a heating fluid through the
vanes at the base of the chamber, whereby the waste
material and/or the premium fuel circulates about an axis
of the chamber 1n a compact turbulent band and

1s gasified and/or pyrolysed to produce a gaseous fuel
stream, which gaseous fuel stream exits the chamber
through the outlet; and
(iv) feeding at least a portion of the gaseous fuel stream back
into the chamber through an entry point adjacent the
vanes.

In the process of the present invention, organic com-
pounds 1n the waste material and/or the premium fuel are
heated to a temperature suflicient to cause decomposition
thereot, 1.e. to cause pyrolysis. In this manner, the material
being treated may be converted into or becomes a gas by
gasification.

A portion or all of the gaseous fuel stream which has
exited the chamber 1s advantageously reintroduced into the
chamber at an entry point adjacent the vanes. By recycling
typically from 10 to 100% by volume, more typically from
60 to 90%, still more typically from 75 to 85%, still more
typically approximately 80% of the gaseous fuel stream
exiting the chamber, 1t 1s possible to both increase and
control the energy content of the gaseous fuel stream even-
tually exported. It will be appreciated that some or all of the
gaseous fuel stream may be recycled through the chamber
one or more times before finally being collected for use or
for further processing. During each processing cycle, a
portion of the gaseous fuel stream which has exited the
chamber can be collected, whilst the remainder can be
reintroduced 1nto the chamber. Also, one or more passes of
the gaseous fuel stream through the hot zone benecath the
vanes facilitates the breakdown of large organic molecules.
At elevated temperatures, and preferably 1n the presence of
stcam, many components of tar undergo shift reactions, in
which the large organic molecules are split down into
smaller molecules. By reducing the content of tar com-
pounds exhausted, the need for a separate tar cracking unit
operation can be obviated. In this regard, the pressure drop
across a reactor, such as that described and claimed 1n
EP-B-0 068 853, 1s small 1n comparison with other gas-solid
contacting unit operations because the reactor has a high free
areca distributor and shallow bed of material which provide
a pressure drop much lower (of an order of magnitude) than
conventional fluid beds. Pressure drops through such a
reactor are typically in the range of from 100 to 400 Pa, more
typically 200 to 300 Pa. This attribute 1s beneficial because
it enables the option of non-mechanical recycling of the hot
exhaust gaseous fuel stream. The gaseous fuel stream may
be reintroduced into the chamber at an entry point below the
vanes of the chamber through, for example, one or more
venturi inlets positioned below the vanes. Such inlets pro-
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duce 1ncreased gas velocities within the chamber resulting 1n
more elficient circulation of the material being treated and of
any 1nert or catalytic material present in the chamber, which,
in the latter case, produces greater contact with the material
being treated and process gases. Alternatively, a portion or
all of the gaseous fuel stream may be reintroduced in the
chamber by mixing 1t with the heating fluid prior to its entry
into the chamber.

Advantageously, a gas-solid separator 1s provided in the
recycle loop to prevent fouling of the distributor before
feeding a portion of the gaseous fuel stream back into the
chamber. This function may be performed by any suitable
gas-solid separation technique such as, for example, a con-
ventional reverse flow cyclone separator or a rotary separa-
tors.

Once at least a portion of the gaseous fuel stream has been
recycled through the chamber at least one time, 1t may be
collected and stored ready for use. Alternatively, one or more
of the following further processing steps may be carried out:
particulate removal using, for example, a cyclone or bag-
house; drying to remove, for example, motive and reaction
steam using, for example, alumina beads and/or a condenser;
compression to reduce the cost of transporting the gas to its
final destination by, for example, a compressor or an in-line
gas booster; and/or sweetening to remove any acid gases
remaining in the gaseous fuel.

The 1nlet for the waste material and/or the premium fuel
will generally be located adjacent the base of the chamber
and the outlet will generally be spaced downstream from the
inlet. The 1nlet 1s preferably located at a position above the
vanes of the chamber. The outlet will generally be vertically
spaced above the 1nlet of the processing chamber, although
the 1nlet may be located adjacent thereto. Both the inlet and
the outlet may be provided 1n a top portion of the chamber.

The material to be treated may be introduced into the
processing chamber by injecting 1t through the inlet under
the mfluence of a compressed gas such as compressed air
and/or an 1nert gas such as nitrogen, CFC and other noble/
mono-atomic gases. The material to be treated may also be
injected with steam. In one preferred embodiment of the
present invention, the inlet 1s located above the vanes at the
base of the chamber and the material to be treated 1s
introduced into the chamber by a gravity feed mechanism,
for example using an air lock device such as a rotary valve.
The gravity feed mechanism may be provided 1n a vertical
wall of the chamber.

The waste material to be treated may comprise domestic
and factory waste materials including solid and/or liquid
materials such as, for example, waste wood, wood shavings,
agricultural waste, animal litter, refuse-derived fuel, munici-
pal solid waste and sewage sludge. The process of the
present 1nvention may also be used to treat fuels such as
premium fuels, for example coal, petrochemical derivatives,
residues from refineries and plastics.

The gaseous fuel produced by the process of the present

invention will generally have the following characteristics:

Calorific Value MJ/m” 10-15
Composition by Volume

CO, 20-30
CnHm 24
CO 25
CH, 12-14
H, 20-35
N, 6—10

The values quoted 1n the table above relate to the use of
oxygen, rather than air, for the combustion of the organics.
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The use of substantially pure oxygen or oxygen-enriched
gases minimises the quantity of nitrogen 1n the final fuel gas
stream therefore improving its quality.

It will be appreciated that the flow of heating fluid may be
generated either before or after the material to be treated 1s
introduced 1nto the chamber. Alternatively, the flow of
heating fluid may be generated at the same time as the
material to be treated 1s introduced into the chamber.

The heating fluild may comprise steam or a gas stream
produced by the direct combustion of a fuel. In the latter
case, the combustion product of a suitable fuel will generally
have the following composition:

Component Volume % (Wet Basis)
CO, 10

N, 72%

H,O 18%

Heated air and/or a heated inert gas may also be used.
Heating may be achieved by any suitable means, such as
electrical and/or microwave heating means. Steam 1s advan-
tageously used because it enhances the cracking of tars
present 1n the gaseous fuel stream resulting from treatment
of the waste material and/or premium fuel. Separate heating
means may also be provided for heating the processing
chamber and 1its contents.

The heating fluid 1s typically heated to a temperature 1n
the range of from 200 to 1100° C., depending upon the
nature of the material to be treated. More typically, the
heating fluid 1s heated to a temperature in the range of from
300 to 1000° C., still more typically from 400 to 900° C.

The flow of the heating fluid through the chamber may be
generated 1 a manner as described 1n EP-B-0 382 769 and
EP-B-0 068 853, 1.¢. by supplying a flow of heated fluid into
and through the processing chamber and directing the flow
by means of the plurality of outwardly radiating and pret-
erably overlapping vanes arranged in the form of a disc and
located at or adjacent to the base of the processing chamber.
The vanes are 1inclined relative to the base of the chamber so
as to 1mpart rotational motion to the heating fluid entering,
the chamber, hence causing the heating fluid to circulate
about a substantially vertical axis of the chamber as 1t rises.

In a preferred embodiment of the process according to the
present invention, the processing chamber contains a resi-
dent bed of particulate material which circulates about an
axis of the chamber when the flow of the heating fluid 1s
ogenerated. The average density of the particles of the resi-
dent bed 1s such that there is little or substantially no
migration thereof to the outlet. The circulating resident bed
particles provide a turbulent environment within which
gas/particles heat and mass transfer properties are enhanced.
This consequently enhances heat transfer to the material to
be treated. A tortuous/labyrinthine flow type path 1is
provided, which increases the effective residence time of the
material to be treated mm the processing chamber, hence
increasing the time for gasification and/or pyrolysis. The
circulating resident bed of particles may also act as a heat
sink. The material to be treated will generally enter the
chamber below and/or adjacent to the circulating resident
bed particles 1n order to contact therewith. Alternatively, if
the inlet 1s vertically spaced above the vanes at the base of
the chamber and the circulating resident bed, then the
material to be treated will fall down through the chamber,
under the action of gravity, on to the circulating resident bed.
This may be achieved by, for example, a gravity feed
mechanism provided 1n a vertical wall of the chamber.
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In general, the average terminal velocity of a resident bed
particle will be greater than the average terminal velocity of
a particle of the material to be treated, prior to the latter
being introduced in the chamber. However, the process of
the present 1nvention may also be used 1n circumstances
where the terminal velocity of the particles of the material to
be treated decreases during processing.

The particulate material of the resident bed may comprise
an inert material, which acts to increase the time spent by the
material to be treated in the processing chamber. Suitable
examples include one or more of sand, alumina, and/or ash
from the material being processed (autogenous).
Alternatively, the particulate material may comprise a solid
absorbent material for the additional purpose of removing
acidic gases, such as hydrochloric acid, hydrofluoric acid
and/or sulphuric acid, from the gaseous fuel stream before 1t
exits the processing chamber. Suitable examples include
ceramics, alumina, silica, limestone and zeolite. The par-
ficulate material may alternatively or, in addition, comprise
a catalytic material, for example a catalytic material such as
dolomite, a nickel-bearing catalyst, a zeolite, a magnesium-
calcium carbonate, a calcined magnestum-carbonate, which
acts to increase the rate of tar cracking or decomposition 1n
the exiting gascous fuel stream. The resident bed particles
may be replenished from time to time if required. The
resident bed particles typically have an average size of from
about 1 to 6 mm, more typically from about 2 to about 3 mm.

[t will be appreciated that char (i.e. non-volatile compo-
nents in the material to be treated) may be produced when
carrying out the process of the present invention. Char and
other non-volatile components may be removed from the
chamber via a central discharge, which 1s preferably
designed to differentiate char from the resident bed material.
Alternatively, 1t may be removed with the exhaust gaseous
fuel stream to be subsequently captured 1n a downstream gas
processing stage, for example cyclone separation.

Gasification may be thought of as a generic term covering
a number of individual reactions and process events includ-
ing: drying, devolatilisation, char combustion, tar cracking
(which can be catalysed by a resident bed). In some
circumstances, each of these reaction/process events require
different conditions, such as temperature, residence time and
catalysing medium, for optimum performance. The use of
multiple stages makes 1t possible to optimise the conditions
for each reaction/process event. Accordingly, the processing
chamber according to the first aspect of the present invention
may comprise multiple (i.e. two or more) stages installed
within a single reactor vessel, for example a drying and/or
devolatilisation stage, a char combustion stage, and a tar
cracking stage.

Alternatively, multiple (i.e. two or more) stages may be
achieved by the use of multiple reactors connected 1n series.
Accordingly, 1n a second aspect the present invention pro-
vides a process for the production of a gaseous fuel from a
waste material and/or a premium fuel, which process com-
Prises:

(1) providing first and second processing chambers, each
chamber having therein a plurality of outwardly radiating
inclined vanes at a base thereof, an 1nlet and an outlet;

(i1) introducing a waste material and/or a premium fuel into
the first chamber through the inlet thereof;

(i11) generating an upward flow of a heating fluid through the
vanes at the base of the first chamber, whereby the waste
material and/or the premium fuel circulate about an axis
of the first chamber 1n a turbulent band and is heated to
produce a gaseous fuel stream and char, said gaseous fuel
stream exiting the first chamber through the outlet thereof;
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(iv) feeding at least a portion of the gaseous fuel stream into
the second chamber through an entry point adjacent the
Vanes;

(v) feeding at least a portion of char generated in the first
chamber into the second chamber through the inlet
thereof;

(vi) generating an upward flow of a heating fluid through the
vanes at the base of the second chamber, whereby the char
circulates about an axis of the first chamber 1n a turbulent
band and 1s heated 1n a char combustion step to produce
a gaseous fuel stream, which gaseous fuel stream exits the
second chamber through the outlet thereof; and

(vii) optionally feeding at least a portion of the gaseous fuel
stream from the second chamber back into the first
chamber through an entry point adjacent the vanes.
Additionally, in a third aspect, the present invention

provides a process for the production of a gaseous fuel from

a waste material and/or a premium fuel, which process

COmMprises:

(1) providing first, second and third processing chambers,
cach chamber having therein a plurality of outwardly
radiating inclined vanes at a base thereof, an inlet and an
outlet;

(i1) introducing a waste material and/or a premium fuel into
the first chamber through the inlet thereof;

(111) generating an upward flow of a heating fluid through the
vanes at the base of the first chamber, whereby the waste
material and/or the premium fuel circulate about an axis
of the first chamber 1n a turbulent band and is heated to
produce a gaseous fuel stream and char, said gaseous fuel
stream exiting the first chamber through the outlet thereof;

(iv) feeding at least a portion of the gaseous fuel stream into
the third chamber through an entry point adjacent the
vanes thereof;

(v) feeding at least a portion of char generated in the first
chamber into the second chamber through the inlet
thereof;

(vi) generating an upward flow of a heating fluid through the
vanes at the base of the second chamber, whereby the char
circulates about an axis of the first chamber 1n a turbulent
band and 1s heated in a char combustion step to produce
a gaseous fuel stream, which gaseous fuel stream exits the
second chamber through the outlet thereof;

(vil) generating an upward flow of a heating fluid through
the vanes at the base of the third chamber, whereby said
at least portion of the gaseous fuel stream from the first
chamber circulates about an axis of the third chamber 1n
a turbulent band and 1s heated 1n a tar cracking step to
produce a gaseous fuel stream, which gaseous fuel stream
exits the third chamber through the outlet thereof;

(viil) optionally feeding at least a portion of the gaseous fuel
stream from the third chamber back into the second
chamber through an entry point adjacent the vanes; and

(ix) optionally feeding at least a portion of the gaseous fuel
stream from the second chamber back into the first
chamber through an entry point adjacent the vanes.

It will be appreciated that the preferred and advantageous
features described herein 1n relation to the first aspect of the
present invention are equally applicable either singularly or
in any combination to the second and third aspects.

The present invention also provides an apparatus for
carrying out the process of the first, second or third aspects
as herein described.

The present mvention will now be described further, by
way ol example, with reference to the accompanying
drawings, in which:

FIG. 1 1s a schematic 1llustration of an apparatus suitable
for carrying out one embodiment of the process according to
the 1invention;
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FIG. 1a 1s a perspective view of an arrangement of vanes
in one embodiment of the present invention;

FIG. 2 1s a schematic illustration of the trajectories of
particles of material to be treated through a circulating
resident bed of particles;

FIG. 3 1s a schematic illustration of an alternative form of
the apparatus suitable for carrying out one embodiment of
the process according to the invention;

FIGS. 4(a—c) are schematic illustrations to show: (a)
single stage multiple gas pass configuration, (b) double stage
multiple gas pass configuration, and (c) triple stage multiple
gas pass configuration;

FIG. 5§ 1s a schematic 1llustration of the general arrange-
ment for Examples 1 and 2 given below; and

FIG. 6 1s a schematic 1llustration of the general arrange-
ment for Example 3 given below.

In FIG. 1, a generally cylindrical processing chamber 1 1s
shown suitable for carrying out the process according to the
present mvention. The processing chamber 1 has an inlet 3
and an outlet 10 spaced downstream therefrom. At the base
15 of the chamber 1 there 1s provided a circular arrangement
of overlapping vanes, wherein each vane 1s inclined relative
to the base. Two vanes are shown at 20 and 25. The vanes
20, 25 radiate outwardly from a central point towards the
vertical wall of the chamber and form part of a circular disc.
A flow of a heating fluid, for example steam, enters the
chamber via an inlet 7 and passes through the vanes 20, 25
at the base 15 of the chamber 1. The arrangement of the
vanes 20, 25 imparts rotational motion to the heating fluid
entering the chamber 1 so that the heating fluid circulates
about a substantially vertical axis of the chamber 1 as 1t rises.
By this process, the heating fluid swirls around the chamber
1 in a turbulent fashion and then exhausts from the chamber
via outlet 10.

The arrangement of the vanes 1s more clearly shown 1n the
perspective view shown 1n FIG. 1a, where there 1s shown a
plurality of outwardly radiating incline vanes 20, 25 at the
base 15 of chamber 1, which impart a rotational motion to
the heating fluid to circulate the heating fluid about a
substantially vertical axis of the chamber 1 as the fluid rises.

A resident bed of particles 30 resides 1in the chamber 1.
The particulate material of the resident bed 30 may
comprise, for example, a solid absorbent material for the
purpose of removing acidic gases and/or a catalytic material
for the purpose of increasing the rate of tar decomposition.

A feed hopper 35 and venturi arrangement 40 are pro-
vided to supply, for example, a waste material 45 to be
treated, under compressed air injection, through the inlet 5
into the chamber 1. As the flow of heating fluid 1s generated
through the vanes 20, 25 at the base 15 of the chamber 1, the
resident bed particles 30 circulate about a substantially
vertical axis of the chamber 1 1n an annular region thereof.
The waste material to be treated 45 1s then mjected nto the
chamber 1 and contacts immediately or almost immediately
with the circulating resident bed particles 30. Because of
their size and density, there 1s little or substantially no
migration of the resident bed particles 30 to the outlet 10.

In this manner, substantially all of the waste material 45
1s gasified and/or pyrolysed resulting 1n a gascous fuel
stream which flows downstream through the circulating
resident bed particles 30, whereby acidic gases are removed
and/or the rate of tar decomposition 1s 1increased depending
upon the nature of the resident bed particles 30. Thereafter,
the gaseous fuel stream exits the chamber through the outlet
10, where a portion may be collected and stored. The
remaining portion of the gaseous fuel stream which has
exited the chamber 1 i1s remtroduced into the chamber 1
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through, for example, one or more venturi inlets (not shown)
positioned below the vanes 20, 25. Alternatively, the remain-
der of the gaseous fuel stream may be fed mnto 1nlet 7 to mix
with the heating fluid prior to entry into the chamber 1. By
recycling some or all of the gaseous fuel stream exiting the
chamber 1, it 1s possible to increase and control the energy
content of the gaseous fuel stream eventually exported. Also,
multiple passes of the gaseous fuel stream through the hot
zone benecath the vanes 20, 25 helps breakdown large
organic molecules. Because of the relatively low pressure
drop through the chamber, the gasecous fuel stream may be
fed directly back into the chamber 1 without recourse to
supplemental pumping means.

In FIG. 2 trajectories 50 of the particles of a waste
material to be treated 45 are shown. It can be seen that the
circulating resident bed particles 30 provides torturous/
labyrinthine paths for the particles of the waste material to
be treated 45. Accordingly, the resident bed particles 30 not
only act to remove acidic gases and/or increase the rate of tar
decomposition 1n the gaseous fuel stream, but also have the
cilect of increasing the time the waste material spends 1n the
chamber, hence achieving a greater degree gasification and/
or pyrolysis.

FIG. 3 illustrates an alternative form of the apparatus
suitable for carrying out the process according to the present
invention. It can be seen that 1n this embodiment the inlet for
the material to be treated 1s provided 1n a vertical wall 60 of
the chamber and 1s vertically spaced from the resident bed
particles 30 and the vanes 20, 25 at the base of the chamber.
The material to be treated 45 1s thus introduced into the
chamber 1 by a gravity feed mechanism which includes an
air lock, for example a rotary valve 61. Accordingly, 1n use,
the material to be treated 45 will fall down through the
chamber 1, under the action of gravity, on to the circulating
resident bed particles 30. Char 62 and other non-volatile
components 1n the material to be treated 45 are removed
from the chamber 1 via a central discharge 63, which 1is
designed to differentiate char 62 from the resident bed
material 30.

FIGS. 4(a—) are schematic illustrations to show: (a)
single stage multiple gas pass configuration, (b) double stage
multiple gas pass configuration, and ¢) triple stage multiple
gas pass conflguration. As previously indicated, gasification
may be thought of as a generic term covering a number of
individual reactions and process events including: drying,
devolatilisation, char combustion, tar cracking (which can
be catalysed by a resident bed). While it is, of course,
possible to carry out gasification according to the present
invention in a single chamber as shown in FIG. 4(a), for
some applications i1t may be preferable for the reaction/
process events to be carried out in separate chambers. The
use of multiple stages makes 1t possible to optimise the
conditions for each reaction/process event.

FIG. 4(b) shows a double stage configuration comprising
a gasifier chamber and a char combustion chamber. The
gasifier and char combustion chambers generally have the
same features as the processing chambers described above
and shown 1n FIGS. 1 and 2; the processing conditions 1n
cach are, however, adjusted to optimise the reaction/process
events. The feed 1s introduced into the gasifier chamber,
where 1t 1s heated to produce a gas and char. Heating 1n the
gasifler chamber may also result in drying and/or devolati-
sation of the feed. The gas and char are then fed 1nto the char
combustion chamber, where they are further heated. At least
a portion of the fuel gas thereby evolved in the char
combustion chamber 1s fed back into the gasifier chamber.
Heated air 1s passed through the vanes at the base of the char
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combustion chamber. The heated air, together with at least a
portion of the fuel gas evolved may be used to provide or
contribute to the heating fluid 1 the gasifier chamber. If
desired, a separate source of heating fluid may also be
introduced through the vanes at the base of the gasifier
chamber.

By recycling typically from 10 to 100% by volume, more
typically from 60 to 90%, still more typically from 75 to
85% of the gaseous fuel stream exiting the chamber, 1t 1s
possible to both increase and control the energy content of
the gaseous fuel stream eventually exported. It will be
appreciated that some or all of the gaseous fuel stream from
the char combustion chamber may be recycled through the
gasifier chamber one or more times before finally being
collected for use or for further processing. During each
processing cycle, a portion of the gaseous fuel stream which
has exited the char combustion chamber can be collected,
whilst the remainder can be remntroduced mto the gasifier
chamber. Also, the gas recycle assists in producing the
heating fluid in the two chambers.

FIG. 4(c) shows a triple stage configuration comprising a
gasifier chamber, a char combustion chamber and a tar
cracking chamber. The chambers generally have the same
features as the processing chambers described above and
shown 1n FIGS. 1 and 2; the processing conditions in each
are, however, adjusted to optimise the reaction/process
events. The feed 1s introduced into the gasifier chamber,
where 1t 1s heated to produce a gas and char. The gas and
char are then fed respectively 1nto tar cracking chamber and
the char combustion chamber, where they are further heated.
At least a portion of the fuel gas thereby evolved 1n the char
combustion chamber 1s fed back into the gasifier chamber.
Heated air 1s passed through the vanes at the base of the char
combustion chamber. The heated air, together with at least a
portion of the fuel gas evolved may be used to provide or
contribute to the heating fluid mn the gasifier chamber. If
desired, a separate source of heating fluid may also be
introduced through the vanes at the base of the gasifier
chamber. At least a portion of the fuel gas evolved 1n the tar
cracking chamber may optionally be fed into the char
combustion chamber. Again, the at least a portion of the fuel
gas evolved may be used to contribute to the heating fluid in
the char combustion chamber. Again, 1t will be appreciated
that some or all of the gaseous fuel stream from the
chambers may be recycled one or more times before finally
being collected for use or for further processing. During
cach processing cycle, a portion of the gaseous fuel stream
which has exited the tar cracking chamber can be collected,
whilst the remainder can be reintroduced into the char

combustion chamber and, 1n turn, 1nto the gasifier chamber.
EXAMPLES

There 1s significant 1nterest in premium fuel substitutes.
While the heat value of these low and negative value wastes
can be realized via straight combustion, the process intensity
of a gas-solid reactor operated in this mode 1s limited by the
differential of the gas temperature and the quantity of free
water and ash present. On small to medium scale
applications, process intensity 1s an important factor, which
should 1deally be maximized.

One way of increasing the process intensity 1s to gasily
the organics within the feedstock and then burn them ex-situ
as a fuel gas 1n an existing burner system. The following
example mvolves the use of wood shavings, which are first
gasified 1n a reactor system as herein described, and then
used to fuel a burner attached to an existing rotary drier.

Example 1
Wood Shavings Gasification

This Example mvolves processing of fine waste wood
dust to generate a fuel gas suitable for use 1n a close-coupled
eXxcess air burner.
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The reactor was operated with an oxidising atmosphere 1n
the lower (bed) region and a reducing atmosphere in the
upper (freeboard) region (see FIG. §). Feed material was
metered into the freeboard of the reactor where 1t came mto
contact with hot process gases rising from the gas distributor
at the base. In this reducing region of the reactor, the tlash
gasification process took place, generating the fuel gas and
a residual char.

While the fuel gases were expelled from the reactor, the
char particles continued their ascent to the bed region. As
this region was operated with excess air, the char particles
were substantially completely combusted to CO, and water
to generate a reducing atmosphere and produced the heat
neceded to drive the gasification process in the freeboard
above.

The gas passing through the distributor was ambient air
and the interface between the reducing and oxidising regions
within the furnace was controlled by manipulating the air
and feed flow rates.

Tests were undertaken in a T400 (400 mm internal
diameter) Torbed (RTM) reactor fitted with 30% free surface

arca blades. The flow rate of air passing through the unit was
controlled via a frequency inverter fitted to the forced
draught fan. Air flow rate was quantified by a portable
hot-wire anemometer. Feed material was continuously
metered 1nto the Torbed reactor via a frequency inverter
controlled screw conveyor, which had a nominal range of 30

ke/h to 300 ke/h. The unit was also fitted with a small pilot
burner 1n the region just above the blades to facilitate

start-up. Performance of the unit was gauged by the output
of an on-line gas analyser combined with a subjective visual
assessment of the flame 1 the rotary dryer fire-box and by
the temperature profile 1n the Torbed reactor.

To prepare the system for gasification, the unit was
started-up 1n combustion mode. This was achieved by oper-
ating at a sub-stoichiometric solids feed-rate with respect to
the oxygen content of the fluidising air. The composition of
the wood fines 1s given 1 Table 1-1 and the feed rate
required for start-up was 30 kg/h. The small gas fired pilot
burner was employed to 1nitiate combustion.

TABLE 1-1

Composition (Typical) of Wood Shavings.

Mass %
Typical (as received Mass %
Composition basis) (dry basis)
Moisture 15 —
Carbon 42.5 50
Hydrogen 5.1 6
Nitrogen 0.9 1
Oxygen 36.6 43
Heat Value 15,800 kl/kg 19,000 kJ/kg

Once the reactor was heat soaked to around 1000° C.,
operation was switched to gasification mode. This transition
was achieved by simply increasing the solids feed-rate. Once
the quantity of organics entering the reactor with the feed
exceeded the amount of oxygen available for complete
combustion, the atmosphere 1n the upper region of the
reactor became reducing and the gasification process com-
menced. This change of operating mode was also accom-
panied by a reduction 1 temperature associated with the
endothermic requirements of the gasification reactions. Fur-
ther increases 1n feed-rate extend the reducing zone and
increased the quality of the fuel gas.

At steady state, the flow rate of ambient air into the reactor
was around 250 kg/h and the balancing solids feed-rate was
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around 140 kg/h. The resulting temperature in the lower
section of the reactor was 744° C., while the temperature in
the upper section was 738° C. A composite (21
measurements) assay of the gas produced under these con-
ditions 1s given 1n Table 1-2.

TABLE 1-2

Exhaust gas composition-Wood Shavings (Gasification Trial

Concentration
Component (volume % dry basis)
CO 15.2
CO, 14.9
CH, 2.9
H, 6.4
O, 0.3
N, 58.6
C,H, 0.8
C,H, 0.2
CsHg 0.3
C.Hg 0.1

The calorific value of this gas was of sufficient quality to
operate the close-coupled natural gas burner servicing a
rotary dryer. The flame emanating from this burner was a
very intense white colour with flecks of yellow caused by the
carry-over of char particles. Upon completion of the trial,
the reactor and duct work were inspected, however there
were no signs of tar.

Example 2

Chicken Litter Gasification

The following example mvolves the use of chicken litter,
which is first gasified 1n a Torbed (RTM) reactor based
system, and then used to fuel a burner attached to an existing
rotary drier.

The reactor was operated with an oxidising atmosphere in
the lower (bed) region and a reducing atmosphere in the
upper (freeboard) region (FIG. §5). Feed material was
metered into the freeboard of the reactor where it came into
contact with hot process gases rising from the gas distributor
at the base. In this reducing region of the reactor, the flash
gasification process took place generating the fuel gas and a
residual char.

While the fuel gases were expelled from the reactor, the
char particles continued their ascent to the bed region. As
this region was operated with excess air, the char particles
were completely combusted to CO,, and water to generate a
reducing atmosphere and produced the heat needed to drive
the gasification process in the freeboard above.

The gas passing through the distributor was ambient air
and the interface between the reducing and oxidising regions
within the furnace was controlled by manipulating the air
and feed flow rates.

Tests were undertaken in a T400 (400 mm internal
diameter) Torbed (RTM) reactor fitted with 30% free surface
arca blades. The flow rate of air passing through the unit was
controlled via a frequency inverter fitted to the forced
draught fan. Air flow rate was quantified by a portable
hot-wire anemometer. Feed material was continuously
metered mto the Torbed reactor via a frequency inverter
controlled screw conveyor, which had a nominal range of 30
ke/h to 300 ke/h. The unit was also fitted with a small pilot
burner 1n the region just above the blades to facilitate
start-up.

Performance of the unit was gauged by the output of an
on-line gas analyser combined with a subjective visual
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assessment of the flame 1 the rotary dryer fire-box and by
the temperature profile 1n the Torbed reactor.

To prepare the system for gasification, the unit was
started-up 1n combustion mode. This was achieved by oper-
ating at a sub-stoichiometric solids feed-rate with respect to
the oxygen content of the fluidising air. The composition of
the chicken litter 1s given 1n Table 2-1 and the feed rate
required for start-up was 30 kg/h. The small gas fired pilot
burner was employed to 1nitiate combustion.

TABLE 2-1

Composition (Typical) of Chicken Litter

Mass %
Typical (as received Mass %
Composition basis) (dry basis)
Moisture 15 —
Carbon 40.2 4'7.3
Hydrogen 5.6 6.6
Nitrogen 4.6 5.4
Oxygen 31.1 36.6
Sulphur 0.6 0.7
Heat Value 15,800 kJ/kg 19,000 kJ/kg

Once the reactor was heat soaked to around 1000° C.,
operation was switched to gasification mode. This transition
was achieved by simply increasing the solids feed-rate. Once
the quantity of organics entering the reactor with the feed
exceeded the amount of oxygen available for complete
combustion, the atmosphere 1n the upper region of the
reactor became reducing and the gasification process com-
menced. This change of operating mode was also accom-
panied by a reduction 1 temperature associated with the
endothermic requirements of the gasification reactions. Fur-
ther increases 1n feed-rate extend the reducing zone and
increase the quality of the fuel gas.

At steady state, the flow rate of ambient air into the reactor
was around 250 kg/h and the balancing solids feed-rate was
around 145 kg/h. The resulting temperature 1n the lower
section of the reactor was 800° C., while the temperature in
the upper section was 766° C. A composite (91
measurements) assay of the gas produced under these con-

ditions 1s given 1n Table 2-2.

TABLE 2-2

Fxhaust gas composition-Chicken Litter Gasification Trial

Concentration
Component (volume % dry basis)
CO 11.1
CO, 17.1
CH, 3.1
H, 8.2
0, 0
N, 57.88
C.H, 1.55
C,H, 0.2
C.H, 0.3
C.H, 0.1

The calorific value of this gas was of sufficient quality to
operate a close-coupled natural gas burner servicing a rotary
dryer. The flame emanating from the burner was a very
intense white colour with flecks of yellow caused by the
carry-over of char particles. Upon completion of the trial,
the reactor and duct work were inspected however there
were no signs of tar.
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Example 3

Sewage Gasiiication

The following example 1nvolves the processing of dried
sewage (moisture content +70%) 1n a pilot plant configured

with exhaust gas recycle. In this case, the fuel gas produced
was flared 1n a dedicated after-burner unat.

As with Examples 1 and 2, an oxidising atmosphere was
created in the lower (bed) region with a reducing atmosphere
in the upper (freeboard) region (see FIG. 6). Feed material
was metered 1nto the freeboard of the reactor where 1t came
into contact with hot process gases rising from the gas
distributor at the base. In this reducing region of the reactor,
the flash gasification process took place generating the fuel
ogas and a residual char/ash particle.

While the fuel gases were expelled from the reactor, the
char/ash particles continued their ascent to the above blade
bed region. As this zone was operated with excess air, the
char component of the particle was combusted to CO,, and
water to generate a reducing atmosphere and produced the
heat needed to drive the gasification process in the freeboard
above.

Fluidisation of the solids, which were in the form of
pellets, was achieved using a mixture of recycled exhaust
gas and ambient air. Having decoupled 1t from fluidisation
requirements, the ambient air flow rate was set by the heat
requirements of the system. The interface between the
reducing and oxidising regions within the furnace also
shifted 1n response to the ambient air rate. A steam driven
ventur1l device was used to drive the exhaust gas around the
recycle loop.

Tests were undertaken in a T400 (400 mm internal
diameter) Torbed (RTM) reactor fitted with 45% free surface
arca blades. The exhaust gas recycle ratio was controlled by
the capacity of the venturi, which in turn was dictated by the
amount of motive steam used (FIG. 6). The flow rate of air
was quantified by a portable hot-wire anemometer. To
prevent fouling of the venturt and the gas distributor, the
exhaust gases were passed through a high efficiency reverse
flow cyclone separator. Feed material was continuously
metered 1nto the Torbed reactor via a frequency inverter
controlled screw conveyor, which had a nominal range of 30
ke/h to 300 kg/h. The unit was also fitted with a plenum
based natural gas burner to facilitate start-up. The reactor
was also fitted with a central discharge option to cater for the
removal of larger ash particles and non-organic tramp mate-
rials.

The quality of the fuel gas produced was estimated by
monitoring the natural gas consumption of the after burner
device. As the after burner 1s designed to maintain its exit
temperature, any increase in the heat value of the fuel gas
from the gasifier reduced natural gas consumption. In addi-
tion to this qualitative assessment, a basic exhaust analyser
was also attached to the exhaust line post cyclone to measure
O,, CO,, H, and CO.

To prepare the system for gasification, the unit was heat
soaked via the agency of the main burner with no gas
recycle. Once the reactor was heat soaked to around 1000°
C., operation was switched to gasification mode. This tran-
sition was achieved by first enabling the recycle loop and
then admitting feed. Once the quantity of organics entering
the reactor with the feed exceeded the amount of oxygen
available for complete combustion, the atmosphere in the
upper region of the reactor become reducing initiating the
gasification process. This change of operating mode was
also accompanied by a reduction in temperature associated
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with the endothermic requirements of the gasification reac-
tions. Further increases 1n feed-rate extend the reducing zone
and 1ncreased the quality of the fuel gas.

The composition of the sewage sludge 1s given 1n Table
3-1 and the feed rate used during start-up was 30 keg/h.

TABLE 3-1

Composition (Typical) of Sewage Sludge

Mass %
Typical (as received Mass %
Composition basis) (dry basis)
Moisture 74 —
Carbon 7.4 28.3
Hydrogen 1.1 4.1
Nitrogen 0.8 3.0
Oxygen 16.5 63.4
Sulphur 0.3 1.25
Ash 11.9 45.8
Heat Value 860 kJ/kg 10,600 kJ/kg

Sewage sludge has a relatively high free-water and ash
content, therefore the as-received heat value of the feed 1s
reduced. This characteristic 1s reflected 1n the relatively high
air to feed mass ratio required. Even with recycle, around
180 kg/h of air was required to generate the heat necessary
to drive the gasification (and in this case drying) process.
The resulting gas mixture passing through the blades had an
oxygen concentration of 10.6%. The solids feed rate was
around 60 kg/h. Temperatures in the lower section of the
reactor averaged around 860° C., while the temperature in
the upper section was 786° C. Information regarding the fuel
gas produced 1s shown 1n Table 3-2.

TABLE 3-2

Fxhaust gas composition-Sewage Sludge Gasification Trial

Concentration
Component (volume % dry basis)
CO 4.5
CO, 12
H, 5
O, 1.1

Recycling a portion of the exhaust gas enables the ambi-
ent air flow rate to be decoupled from solids fluidisation
requirements. With less nitrogen being introduced on a per
unit mass of feed basis, the quality of the fuel gas produced
1s significantly improved. In addition, recycling the exhaust
gas enhances the cracking of larger molecular weight organ-
ics mto smaller less volatile species, therefore enabling a
wider range of feeds to be processed.

What 1s claimed 1s:

1. A process for the production of a gaseous fuel from a
waste material and/or a premium fuel, which process com-
Prises:

(1) providing a processing chamber having therein a
plurality of outwardly radiating inclined vanes at a base
thereof, an 1nlet and an outlet;

(i1) introducing a waste material and/or a premium fuel
into the chamber through the inlet;

(i11) generating an upward flow of a heating fluid through
the vanes at the base of the chamber, wherein the vanes
at the base of the chamber impart a rotational motion to
the heating fluid to circulate the heating fluid about a
substantially vertical axis of the chamber as said fluid
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rises, whereby the waste material and/or the premium
fuel circulate about an axis of the chamber 1n a compact
turbulent band and 1s gasified and/or pyrolysed to
produce a gaseous fuel stream, which gaseous fuel
stream exits the chamber through the outlet; and

(iv) feeding at least a portion of the gaseous fuel stream
back into the chamber through an entry point adjacent
the vanes.

2. A process as claimed 1n claim 1, wherein from 10 to
100% by volume of the gaseous fuel stream 1s fed back into
the chamber.

3. A process as claimed 1n claim 1, wherein the said at
least portion of the gaseous fuel stream 1s reintroduced into
the chamber at an entry point below the vanes of the
chamber.

4. A process as claimed 1n claim 3, wherein the said at
least portion of the gaseous fuel stream is reintroduced into
the chamber through one or more venturi inlets positioned
below the vanes of the chamber.

5. A process as claimed 1n claim 1, wherein the said at
least portion of the gaseous fuel stream 1s mixed with steam
prior to being remtroduced into the chamber.

6. A process as claimed 1n claim 1, wherein the inlet for
the waste material and/or the premium fuel 1s located
adjacent the base of the chamber and the outlet 1s spaced
downstream from the inlet.

7. A process as claimed 1n claim 1, wherein the inlet for
the waste material and/or the premium fuel 1s located at a
position above the vanes of the chamber.

8. A process as claimed in claim 1, wherein the waste
material and/or premium fuel comprises a solid and/or liquid
material.

9. A process as claimed 1n claim 1, wherein the waste
material comprises one or more of sewage sludge,
by-product waste, waste wood, wood shavings, clean wood,
agricultural waste, animal litter, municipal solid waste and/
or refuse-derived fuel.

10. A process as claimed 1n claim 1, wherein the premium
fuel comprises one or more of coal, petrochemical deriva-
tives and/or residues from refineries.

11. A process as claimed 1n claim 1, wherein the waste
material and/or the premium fuel i1s introduced into the
processing chamber by injecting 1t through the inlet under
the influence of a compressed gas or by a gravity feed
mechanism.

12. A process as claimed 1n claim 1, wherein the heating
fluid comprises steam and/or a gas stream produced by
combustion of a fuel.

13. A process as claimed 1n claim 1, wherein the process-
ing chamber contains a resident bed of particulate material
which circulates about an axis of the chamber when the flow
of the heating fluid 1s generated.

14. A process as claimed in claim 13, wherein the par-
tficulate material comprises a solid absorbent material for
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removal of acidic gases from the gaseous fuel stream exiting
the processing chamber.

15. A process as claimed 1n claim 13, wherein the par-
ticulate material of the resident bed comprises a catalytic
material.

16. Aprocess as claimed 1n claim 15, wherein the catalytic
material acts to increase the rate of tar decomposition 1 the
gaseous fuel stream.

17. A process as claimed 1n claim 13, wherein the par-
ticulate material comprises one or more of dolomite, a
nickel-bearing catalyst, a zeolite, a magnesium-calcium
carbonate, and/or a calcined magnesium-carbonate.

18. A process as claimed in claim 1, wherein the heating
fluid 1s at a temperature in the range of from 300 to 1000°
C.

19. A process as claimed 1n claim 1, wherein a portion of
the gaseous fuel stream which has exited the chamber is
collected during each processing cycle.

20. A process as claimed 1n claim 1, wherein the gaseous
fuel stream produced from the waste material and/or the
premium fuel 1s subjected to one or more further processing
steps selected from particulate removal, drying, compres-
sion and/or sweetening,.

21. A process as claimed 1n claim 1, wherein the pressure
drop through the chamber 1s less than 400 Pa.

22. A process as claimed 1n claim 1, wherein the said at
least portion of the gaseous fuel stream 1s fed back into the
chamber without the assistance of supplemental pumping
means.

23. An apparatus for carrying out the process as defined
in claim 1, the apparatus comprising;:

(a) a processing chamber having therein a plurality of
outwardly radiating inclined vanes at a base thereof, an
mlet and an outlet;

(b) means for introducing a waste material and/or a
premium fuel into the chamber through the inlet;

(c) means for generating an upward flow of a heating fluid
through the vanes at the base of the chamber, whereby,
in use, the waste material and/or the premium fuel
circulate about an axis of the chamber 1 a turbulent
band and 1s gasified and/or pyrolysed to produce a
gaseous fuel stream, which gasecous fuel stream exists
the chamber through the outlet; wherein the means for
generating an upward flow of a heating fluid 1s a base
with a circular arrangement of overlapping vanes,
wherein each vane 1s inclined relative to the base and

(d) means for feeding at least a portion of the gaseous fuel
stream back into the chamber through an entry point
adjacent the vanes.

24. An apparatus as claimed 1n claim 23, wherein the

vanes radiate outwardly from a central point toward the
vertical wall of the chamber and form part of a circular disk.
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